protein kinase (SAPK).
14 Syntrophins, thus, form multiple functional protein complexes, ensuring proper localization of signalling proteins and their binding partners to specific membrane domains and providing appropriate spatiotemporal regulation of signalling pathways.
Interaction of syntrophins with multiple signalling molecules is mediated by two PH domains, a PDZ domain and a conserved SU domain.
The PH2 domain and the SU domain are involved in the interaction between syntrophin and the dystrophin-glycoprotein complex (DGC).
Syntrophin recruits signalling proteins to DGC, thus linking extracellular matrix to internal signalling apparatus via DGC.
The different domains of syntrophin are crucial for cytoskeletal dynamics as well as for signalling. Syntrophins associate with various cytoskeletal proteins (like actin, intermediate filaments and microtubules) within the cell and induce diverse cellular responses by modulating cell cytoskeleton. Syntrophins are involved in key physiological processes which involve cytoskeletal reorganization like insulin secretion, blood pressure regulation, myogenesis and cell migration. [15] [16] [17] In pancreatic β-cells, the PDZ domain of β2-syntrophin regulates the release of insulin and helps in maintaining the blood glucose level. When the protein is phosphorylated on ser90, it activates actin filaments to clamp the secretory insulin granules and inhibits the release of insulin from cells. When Cdk5 phosphorylates the β2-syntrophin on ser75
near the PDZ domain, it decreases its binding to insulin granules and increases its motility and exocytosis. 17, 18 α-1 syntrophin has a role in myoblast differentiation in early stages of muscle development. It has been found that α-1 syntrophin in association with histone methyltransferase MLL5 increases expression of myogenin, a key regulatory factor of muscle differentiation, in myoblasts. 16 Syntrophins have a pivotal role in cell migration and are involved in formation and retraction of focal adhesion. The PH1 domain of α-1 syntrophin binds to the phosphoinositol-4,5-bisphosphate (Ptdins(4,5)P2) which regulates signalling proteins crucial for migration. 19 Phosphatidylinositol phosphate 5 kinase (PTEN) synthesizes Ptdins(4,5)P2 at membrane ruffles inducing actin polymerization and focal adhesion formation at these sites. [20] [21] [22] In skeletal muscles, α-1 syntrophin links calcium signalling to DGC via heterotrimeric G-protein(G αβγ ). The PDZ domain of α-1 syntrophin binds to G βγ subunit of heterotrimeric G-protein (G αβγ ) in presence laminin.
This interaction decreases active G α subunit and inhibits Ca 2+ influx through calcium channels. However, in absence of laminin-dystroglycan complex, G α subunit gets activated and G βγ subunits dissociate from α-1 syntrophin leading to dihydropyridine receptor (DHPR) mediated Ca 2+ influx in skeletal muscles. [23] [24] [25] The increase in intra- does not split it into two halves. The Syntrophin Unique (SU) domain is highly conserved 57 amino acid sequence present at the C-terminal end and is specific to all syntrophin isoforms ( Figure 1 ).
| SYNTROPHIN S IN THE DG C NE T WORK
All five isoforms of syntrophin have a role to play in cytoskeletal organization and maintenance. Different domains of syntrophins Syntrophins are known to interact with dystrophin, utrophin (dystrophin homolog) and dystrobrevin members of membrane-associated cytoskeletal proteins of dystrophin family. [72] [73] [74] Interaction of syntrophin with dystrophin protein family is mediated by SU domain and adjacent PH domain localized at the distal half of syntrophin. In skeletal muscle, four potential syntrophin binding sites are present in each dystrophin complex: two on dystrobrevin and two on dystrophin or utrophin. 75 The presence of adjacent syntrophin binding sites in DGC complex suggests that syntrophin acts as an adaptor protein which facilitates the recruitment and organization of multiple signalling molecules together into functional complexes at plasma membrane, linking the cytoskeletal elements with the plasma membrane. 76 This co-localization increases specificity and efficiency of signalling cascade. conferring it properties for shock resistance, elasticity and flexibility. 81 The rod domain also bears second actin-binding motif (ABD2) that in conjunction with ABD1 forms a strong lateral association with actin filaments. 82 The CR region consists of a WW anti-parallel β-sheet motif containing two highly conserved tryptophan residues;
| MODUL ATI ON OF C Y TOS K ELE TAL FR AME WORK BY THE DG C-SYNTROPHIN SC AFFOLD
two EF-hand-like motifs having helix-loop-helix fold and a ZZ module containing two zinc finger motifs. 83, 84 The WW motif interacts with β-dystroglycan and recognizes proline-rich sequences/phosphorylated linear peptide/PPxY motif in ligand. 85 The EF-hands along with ZZ modules bind to calmodulin in a calcium-dependent manner. The cysteine-rich domain also binds to ankyrin and intermediate filament synemin which further strengthens the link between cytoskeleton and sarcolemma via dystrophin. 86, 87 The C-terminal region contains two α-helical motifs (α-helical coiled coil) interrupted by a short proline linker that is necessary for full dystrophin function and interacts with molecules with similar regions such as syntrophin, dystroglycan. [88] [89] [90] Dystrophin has two syntrophin binding sites in the C-terminal region that are flanked by coiled-coil motifs. 91 53, 72, 101, 102 There is an additional C-terminus amino acid tail in γ-syntrophins that encodes for a P-loop. This P-loop is considered to be a potential nucleotide (ATP/GTP) binding site. 103, 104 γ-syntrophins bind to the dystrophin protein in DGC via this P-loop, and the splice variant of γ-1 syntrophins that lack the P-loop fail to bind dystrophin. 
| B RIEF OVERVIE W OF C Y TOS K ELE TAL ORG ANIZ ATION
The cytoskeleton is composed of interconnected meshwork of filaments: actin microfilaments, microtubules and intermediate Syntrophins also help in the actin stabilization at the cell membrane and inhibit the actin-activated myosin ATPase activity. 113 shown that various components of DGC also have a role in the regulation of actin organization in response to PDGF signalling. 75, 99, 137 In addition to this, TAPP2 proteins also link PI3K signalling with cytoskeleton by interacting with β-2-syntrophin and utrophin. 138 
| SYNTROPHIN -A SSO CIATED PROTEIN S A S MODUL ATOR S OF CELL C Y TOS KELE TON
The syntrophin isoforms and the DGC in conjunction organize signalling components which lead to the reorganization of the actin cy- Rac1, in turn, is known to control many cellular processes one of which is the actin and microtubule cytoskeletal organization. 142, 143 The stability of the Rac1, PAK and RhoA signalling is important for driving the actin cytoskeleton dynamics and motility. 144 There must be the highly coordinated interplay between Rac1 and RhoA activities for cells to migrate effectively. 145, 146 High activity of one of these proteins warrants the low expression of the other one in order to maintain conflict-free actin cytoskeletal organization. Rac1 activity is high at the leading edge, and RhoA activity is high at the trailing edge. 
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